A new corer is described which may be used in sediments of shallow standing waters, such as in rice fields, and which facilitates the study of the vertical distribution of the invertebrate fauna at 2 cm depth intervals. Its small surface area permits quantitative sampling of the sediment-dwelling fauna, particularly the chironomid larvae, around the roots of rice-plants. Results 
Introduction
In shallow wetlands most quantitative studies dealing with water fauna use different sampler devices such as open cylinder (Heurteaux & Marazanof 1965 , Pont 1983 or other techniques when biotopes are occupied by aquatic macrophytes (Aguesse 1955 , MacCauley 1975 . In the case of mud sampling different fresh sediment samplers were used (Crossland 1962 , Armitage 1979 , as corers (see Aguesse 1955 pi. 7, a review in Giani 1974 , Downing 1984 , Fuller & Butman 1988 . As pointed by Darby (1962) the problem of a sampling method for obtaining accurate quantitative data in rice field was never really solved. Only the shallow-water bottom sampler by Kellen (1954) proved to be satisfactory. However, one of the main disad- vantages of these corers was that they were not able to take into account evidence to the bottom invertebrates stratification. During a field evaluation of the rice plant injury by aquatic invertebrates in Camargue, particularly by chironomid larvae, a corer was developed and tested in order to sample the invertebrates at different levels of the rice plant: in water, at water-mud interface and along a fine-scale vertical profile in sediments. The corer described here is adapted to a rice field with a maximum depth of water less than 25 cm.
Description and operation
The corer consists of an assemblage of tubes of three different lengths (Fig. la) . One with a length of 20 cm (sampling of water, in aluminium AU4G) (Fig. lb) , a series of 2 cm long tubes (in aluminium), or rings (Fig.  lc) , (their number is variable in function of the required depth in soil, i. e., 10 in this study), and a final tube with a cutting edge (in stainless steel) (Fig. Id) . Aluminium and stainless steel are used to avoid corrosion. All tubes are 3 cm in internal diameter, corresponding to a surface of 7 cm 2 , and have a male thread at its upper side and a female thread at its lower part.
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Their wall is 6 mm thick for core tube rigidity and threading. The inner diameter of tubes has been chosen in relation to two facts: 1) soft sediments can be lost when the opening of the tube is superior to 5 cm (Douglas 1988) ; 2) the corer is mainly used at the neighbouring of the rhizosphere, in order to quantify the injury caused to roots by chironomid midges larvae, and so, it must be straight, to avoid any damage to plants. Each 2 cm ring corresponds to a 14 cm 3 volume of sampled soil. For details of construction see Fig. 1 . In operation a polyethylene part is placed on the upper tube in order to avoid damage during its knock inside the soil (Fig. 2b) . The corer is drived in up to the lower limit of the longer tube (water-mud interface), and must be extruded with a clockwise screwing movement. The deeper soil layers, rich in clay, make a plug which keep all the upper layers in the corer. The water contained in the upper part is filtered on a 200 (im mesh, and after that each ring is unscrewed and its content was placed in a polyethylene vial containing 10 percent formalinthis preservative is known to minimize the lost of weight for invertebrates in biomass evaluations (Howmiller 1978 , Senapati & Dash 1980 . At the laboratory, in order to disperse the soil particles from the high clay content (mainly in the strates -2-20 cm), each core is soaked in solution of 10 g.L"
1 sodium hexametaphosphate (sold commercially as Calgon®) as recommended by Southwood (1978) , and slowly agitated with a Gerhardt® agitator during 2 hours. After this pretreatment, the sample is washed on a 200 pirn mesh and invertebrates were counted under a stereomicroscope. The whole fauna is stored in 10 percent formalin for future biométrie studies.
Performance
As no stratified corer exists before, no efficient comparison can be made. However, the corer has been used over a complete rice culture season (from April to September 1996) . Samples were made every decade, from the flooding time, on 14th May (to), and were noted as tj, (ten days after the flooding time), t 2 (twenty days), etc. up to the crop-day, on 16 September. In the present study, we chose the dates t 2 , on 4 June, and tg, on 15 July, as representative examples for testing the accuracy of the method (Figs. 3-5 ). (Fig. 3) At t 2 , a total of 230 invertebrates was collected in 9 cores distributed all over the rice field. More than 85 per cent of the fauna are comprised between water column and the 0-2 cm layer (Fig. 3b) . Downward the density gradient declined quickly with depth. No living fauna was found below the -10-12 cm layer.
Vertical distribution of invertebrates
At tg, 82 percent of the 169 invertebrates taken in 9 cores were mainly distributed in water and in the first layer 0-2 cm.
The highest averages are found in water and in the water-mud interface. (Fig. 4) At t 2 , the densities tended to be highest in water (Orthocladiinae larvae, cladocerans) and in fluid mud, i. e., 0-2 cm and -2-4 cm (Chironomus plumosus-group) and decreased rapidly up to the -10-12 cm layer. Each taxon presents a vertical distribution according to its ecology: for example cladocerans are strictly discovered in water, ostracods are only present in water and water-mud interface, oligochaete worms are only recovered from the upper strates of soil (0 to -6 cm). Midge larvae which are often known to be mud-dwelling forms were found in water and in soil (unidentified Chironomini down to -6-8 cm, Tanytarsini down to -2-4 cm,...).
Distribution patterns of dominant taxa
At the populations were less abundant, three taxa being dominant: copepods and ostracods in water and water-mud interface, and oligochaetes in the four first strates of soil. The others taxa were rare and scarcely distributed.
Chironomid midge larvae distribution patterns (Fig. 5) At t 2 , densities per 10 cm 2 show that midge larvae, all taxa gathered, present a peak which occurs in water (Orthocladiinae) and fluid mud (Chironomus plumosus-gr.), and reaches about 100 larvae, while between -2-4 cm layer it only reaches about 20 larvae. Downward densities are very low, no larvae being recorded below 12 cm.
At t 6 , most of the midge larvae have emerged, the densities being very low not reaching 5 larvae per 10 cm 2 in the mud.
The vertical profile in Fig. 5a clearly shows the burying behaviour of the Chironomini larvae (gathered unidentified larvae and Chironomus plumosus-gr.). On the other hand no data could be obtained on the behaviour of the Orthocladiinae sampled in water. For this problem, the corer is not suitable.
Discussion
The stratified corer, described above, gave satisfaction in rice field sampling, its chief advantages being its simplicity, and taking relatively undisturbed cores, at 2 cm vertical intervals. With this corer, the sediment-water interface is satisfically sampled as the fauna of the different soil layers at different depth. study and that of Pont (1983) in similar biotopes ( Table  1) , shows that our quantitative method gave densities of the same order and is considered as representative.
This corer had only a limit in not sampling the large swimming invertebrates (waterbugs, beetles...), a bowwave effect due to the small diameter of the tube being detected. This one is limited at water-soil interface resulting from the viscosity of the mud. For a representative sampling of this fauna the open cylinder by Heur- teaux & Marazanof (1965) is more advisable (Thiéry 1982) .
The present method is used for the first time in standing freshwater. A quite similar technique has been recently used successfully in marine meiofauna by Fleeger et al. (1995) , who used a 24 vertically sectionned core with a surface of 4.5 cm 2 , and 2 mm intervals. Although the cores used by Fleeger et al. (1995) were sliced more finely, our results present great similarities in the vertical profiles and invertebrate densities. However, although no definitive conclusion could be made given that we compare subtidal and freshwater sediments, these analogous results tend to prove that our stratified corer gives undisturbed cores and represents an useful complement to the quantitative water sampling method (open cylinder) in rice fields ecological study. The vertical profile obtained in the present study also agrees with the data recovered from the sediments of a pyrenean mountain lake by Giani & Lucas (1974) . This bottom sampler proved ideal for comparative vertical profiles in time (phenological studies). Moreover, in addition to its suitability for sampling benthic invertebrates, it proved to be well adapted to quantitative sampling of chironomid larvae, one of the main pests in Camargue rice fields. A study of the role of midge larvae and particularly its injury to rice growth will be published later.
